Abstract-
I. INTRODUCTION
Light Detection and Ranging (LIDAR) makes use of the scattering/reflection characteristics of the target for the incident short wavelength and high directivity of the laser beam to image the objects with fine resolution. The LIDAR system, analogous to RADAR, transmits and receives the relatively short wavelength electromagnetic radiation in the optical and infrared spectral regions.
II. LIDAR METHODOLOGY
When designing a lidar system there are a number of key parameters that need to be optimized in order to maximize the effectiveness of the system. The key parameters are: Additional information on the atmospheric/meteorological parameters may also need to be considered while optimizing the system parameters.
Lidar systems are primarily governed by a simplified lidar equation describing the elastic backscattering or reflection from hard targets for the incident laser pulse of specified energy. The back scattered signal power P(ri ) from a height interval ∆r (= C∆t/2) centered at altitude ri is given 
Where βa and βm are the aerosol and molecular back scattering cross sections respectively and na and nm are the number densities of aerosols and air molecules respectively. Similarly α is given by
Where σa and σm are the extinction cross sections of aerosols and air molecules respectively. Equation (1) contains two unknowns, namely α and β. Assuming a functional form of relationship between α and β the above equation can be solved for α (or β). The DIAL technique consists of transmitting two different wavelengths: one(λon) is a resonant with an absorption line of the species under investigation, and the other (λoff ) is tuned to the line wing.
Using the appropriate relationship between α and β lidar observations of back scatter signals can be analyzed to obtain altitude profiles of aerosol extinction. By measuring the aerosol extinction at different wavelengths, it is possible to invert the size index of the particulate matter/aerosols using the above Mie lidar technique.
A DIAL system is similar to a LIDAR system except that the laser must be tunable. By analyzing the return signal with a fast digitizer (as in LIDAR) the radiation scattered back from any particular range along the beam can be measured. If we consider the size of the return signal at say 10µs after the firing of the laser we know that this must correspond to radiation which has travelled to a range of 1.5km (=c X 10-6 /2) and been scattered back. The size of this signal will thus depend, apart from fixed geometric factors, on the amount of backscattering at 1.5km range and on the absorption produced by the pollutant over the round trip to 1.5km back. The scattering is in general unknown but can be eliminated by repeating the measurement at a slightly different wavelength where the absorption coefficient of the pollutant is different but the scattering intensity is virtually the same. The change in signal between the two wavelengths thus corresponds entirely to the different amounts of absorption at the two wavelengths, and if the absorption coefficients of the pollutant at these two wavelengths are known the total burden of pollutant between the measuring site and 1.5km range can immediately be deduced. Total burden is the integrated concentration
Where n(r) is the concentration at range r. Since the DIAL return signal is in fact continuous we can make this calculation at a whole series of ranges and determine the total burden as a function of range. By differentiating this total burden with respect to range one arrives at the pollutant concentration as a function range.
This then is the basic principle of DIAL. A more precise treatment can be given starting with the LIDAR equations for the two wavelengths, which are traditionally known as the onresonance and off-resonance wavelengths (on-resonance referring to the wavelengths at which the absorption is largest -usually the peak of an absorption line or feature):
Where p = received backscatter power at time t = 2 r/c; E = transmitted laser pulse energy; T = optical efficiency of telescope system; A = area of telescope primary mirror; β = atmospheric backscatter coefficient; α = atmospheric extinction coefficient. The atmospheric absorption coefficient can be expressed in terms of its components.
Here we are assuming that the Mie and Rayleigh scattering coefficients, αM and αR , change negligibly between the on and off resonance wavelengths. Even when the two wavelengths are so far apart that this is no longer true, it is still sometimes the case, that these two terms are small compared with σn (r) so that again the variation can be ignored. However in cases where the variation of αM and αR is not negligible, corrections must then be made for this. σ is the absorption cross-section of the pollutant and n(r) the concentration of pollutant in molecules/unit volume. σn (r) thus represents the absorption produced by the pollutant. By dividing equation (6) by equation (5) we find:
And differentiating gives:
To obtain (10) from (9) we have assumed that the ratio βon (r)/ βoff (r) does not vary with range. We have not however needed to assume that βon (r) = βoff (r).
Differential Absorption Lidar (DIAL) which is based on the difference in the absorption with wavelengths is the powerful technique for the measurement of the concentration of chemical agents and air pollutants. Many of the chemical agents have absorption bands in the NIR, MIR and LWIR. DIAL lidar systems operating in the IR wavelengths at different regions are used in profiling various chemical agents at stand-off distances. Commercially available tunable lasers in UV, VIS and IR regions including OPO based systems are planned to be used in the DIAL system. Fixed frequency lasers operating at the selective ON and OFF wavelengths will be used wherever the wavelength pair is suitable for a particular chemical agent.
To measure the concentration of various chemical agents the Differential Absorption Lidar (DIAL) technique will be used. Most of the chemical agents have absorption bands in the IR region. It is proposed to use the DIAL technique making use of the tunable CO2 laser transmitter to measure most of the chemical and toxic agents. Also fiber lasers operating in Mid IR region will be used for the measurement of chemical agents which have absorption bands in that region. This technique is well proven and can be used in the Visible, NIR, MIR and LWIR. Many toxic chemical agents and air pollutants including atmospheric trace gases can be conveniently measured using the DIAL technique with the suitable pair of wavelengths appropriate to specific chemical agent. Optical parametric oscillator (OPO) is one of the important and proven methods to generate laser wavelengths required for other chemical agents which are not amenable for measurement with other fixed frequency lasers. The DIAL method is a powerful and well proven technique useful in the stand-off detection of CB agents in two different wavelength regions. It is also established that the identification of bio aerosols could be possible at ranges up to 5Km or more. Table 1 shows the selected wavelengths and absorption cross sections for each species [1] The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XL- 8, 2014 ISPRS Technical Commission VIII Symposium, 09 -12 December 2014, Hyderabad, India Figure. 1 Absorption cross section of the UV-VIS spectral region.
The selected wavelength pair of the DIAL measurements (a) SO 2 , (b) NO 2 , and (c) O 3
III SYSTEM OVERVIEW Figure 2 shows a schematic diagram of the proposed DIAL system. The lidar system has transmitter, receiver, microcontroller, data acquisition and data processing units. A 50 cm dia Cassegrain telescope is used to collect the backscattered signal. The transmitting and receiving telescopes, which are coaxially aligned, are mounted on Gimbals. Receiving telescope is connected to the detector box that contains spectral filters and detectors. There are two detectors, one each for the detection of signals at 2-5 m and 9-11 m regions. A band pass filter allows the lidar signals to reach the respective detectors while blocking any stray light outside the wavelength range of interest. The detected signals are passed through A/D converters and data processors. The data processor consists of a 8 MHz digitizer and a computer for data storage. Table 2 describes the details of the system parameters used. The noise contributions arise from the combined effects of detector dark current and the received background radiation. In the mid-IR range, both the solar and terrestrial thermal radiation contributions are very small, and hence, can be neglected. While the dark noise is negligible for good detectors in the visible and near-IR, the detectors in the mid-IR have fairly large dark noise. Since the origin of this dark noise is thermal in nature, cooling the detector to liquid N 2 temperature (77 0 K) reduces the dark noise contributions significantly. It should be noted that whereas the detector noise in the case of heterodyne (coherent) lidar with sufficient local oscillator power is shot-noise limited, for direct (noncoherent) lidar system with weak return signals, it is darkcurrent limited in the mid-IR spectral region. Note that the SNR is now range-dependent and, for the case of thermal-background limited case, the SNR of solid-state detector is given by the equation
where P is the received power, NEP is the noise equivalent power of the detector and n is the number of received pulses. In the darkcurrent limited case, NEP of the detector is given by NEP = √ௗ *
where D* is the detectivity, Ad is the area of the detector, and B is the detection bandwidth. The SNR for n=1 is (13) where Et is the transmitted energy per pulse. By rearranging Eqn (13), the required energy to be transmitted in the atmosphere for single pulse can be computed for given SNR values, which is given by
V CONCLUSION
The theoretical analysis of the DIAL system shows that the differential absorption lidar technique is a powerful method for the detection and measurement of ozone and other important industrial emissions. The efficacy of the method has shown using a typical lidar system specifications and collecting suitable pair of wavelengths for various industrial emissions. The signal to noise ratio in each of the cases has been worked out and presented. The uniqueness of the system is that it provides the vertical profile of the concentration of the chemical species with good spectral temporal resolutions. Also the technique does not require any calibration and infect sensitivity of the system increases with range of measurements.
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